Abstract: This study evaluates the input efficiency of greenhouse tomato and pepper farms in Kosovo. Using data collected from farm surveys, we conduct an input-oriented data envelopment analysis (DEA) to empirically assess input efficiency. Secondly, linear regression analysis is used to investigate which farm variables predict greenhouse tomato and pepper technical efficiency (TE).
Introduction
The 1998-1999 war left Kosovo's agricultural sector in a fragile state as it caused a collapse of the rural infrastructure, law and order [29] , which caused a loss of productivity. The Kosovar farmers' relationship with the land, however, has remained strong. After the war, there have been clear attempts by the national government to revive failing agricultural production levels. The last 17 years have marked a gradual restructuring of agriculture given the introduction of new government agricultural policies.
In the new framework that has emerged, the government of Kosovo has begun to formulate agricultural policies with structural characteristics similar to those of the European Union. Nevertheless, farmers continue to face challenges. For example, there is still a strong dependence on imports of agricultural products and processed food [41] , which affects farmers' production levels and efficiency [48] . The production of greenhouse vegetables is a relevant example of a subsector that is experiencing low input efficiency given it is a relatively new production method in Kosovo and faces competition from imports. On the other hand, greenhouse vegetables exemplify the post-war resilience of Kosovo agriculture. In comparison to open-field farms, greenhouse farms in Kosovo may take advantage of early season production. However, farmers in this emerging subsector argue that they are finding it difficult to incorporate efficient input quantities in the production process.
The underlying tension between the associated aspects of low yields and the inefficient use of inputs may lead to a decrease in the domestic production of greenhouse tomatoes and peppers. Several studies have found the optimal use of inputs to be an important determinant of the vegetable production [3, 37] . While one study has examined the drivers of vegetable production efficiency in Kosovo [31] , little attention was given to the greenhouse tomato and pepper input efficiency use. Maximizing input efficiency is a subject that has not been examined in detail. For these reasons, the aim of this study is to provide insight on ways to maintain current yields while decreasing waste of resources.
Materials and Methods

Data
Data were collected from June 1, 2017 to August 7, 2017 with a sample covering 136 greenhouse tomato and pepper farms from 22 villages, 11 municipalities, and 7 regions of Kosovo. Production information was obtained through face-to-face interviews with farmers. To facilitate the data collection process, two research surveys were developed to gather information from the field. The first survey was targeted for the greenhouse tomato production in the seven regions of Prishtina, Ferizaj, Gjilan, Prizren, Gjakova, Peja, and Mitrovica. The second survey was developed for the greenhouse pepper farms and executed in all of the same regions excluding Prizren because of limited greenhouse pepper production there. Each survey included 47 questions and was separated into four survey modules. Both of the surveys contained three modules that elicited information about the respondent, characteristics of the greenhouse, and assessed producer needs. A fourth survey module was designed specifically for tomato or pepper production, respectively. All farmers interviewed were growing at least tomatoes or peppers as their cash crop. Some of those same farmers also produced a few rows of these crops or other vegetables for home consumption.
Data Envelopment Analysis (DEA)
The purpose of this study was to determine technical efficiency (TE), pure technical efficiency (PTE), and scale efficiency (SE) of the greenhouse tomato and pepper farms. An additional goal was to understand factors that influence TE scores. Thus, an input-oriented DEA coupled with linear regression were used to compare input efficiency use between farms and to explore what farm-level variables could predict TE. To quantify input efficiency use, the input-oriented Banker-Charnes-Cooper (BCC) [7, 8] and Charnes-Cooper-Rhodes (CCR) [16] models were used. After characterizing TE and SE from these models, TE efficiency scores received from the greenhouse tomato and pepper CCR models were used as outcomes in additional analyses to understand farm-level characteristics that impact efficient input use. All analyses were performed in R, a programming language and software for statistical analysis.
Using the BBC model, we let j = 1, 2, ..., n, index the greenhouse tomato and pepper operations. Each operation realizes yields, yrj (r = 1, 2, ..., s), using observed levels of m farm inputs, xij (i = 1, 2, ..., m). In addition, ε denotes a small value that penalizes slack terms s i -and s r + to facilitate model solutions and prevent a classification of an inefficient decision making unit (DMU) as efficient. A small and positive value for ε may work in many instances [32] . The BCC model is presented as follows. 
Yield is the output for both greenhouse tomato and pepper farms because farmers' primary production decisions can be based on the potential future yields [44] . The inputs used in the models include insecticide, labor, greenhouse area in square meters (m 2 ), greenhouse value in euros, as well as the use of artificial and organic fertilizers at different stages of greenhouse production.
The rationale for measurement and inclusion of these variables in the model is as follows. In Kosovo, often greenhouses covering larger areas correspond to greenhouses that have improved designs and structures. These greenhouses may have on average higher volumes of production and may be more efficient; therefore, the variable greenhouse area in m 2 was included. Among pesticide use in Kosovar greenhouse tomato and pepper production, insecticides may be used more regularly than herbicides and fungicides. Similarly, chemical pest control measures can be costly in Kosovo but may be highly beneficial to production [30] . Labor was included as an input because two studies [3, 47] presented evidence that labor is often overused in tomato production. Because this research suggests that labor is prone to overuse in greenhouse tomato production, it was hypothesized that labor could also be overused in pepper production.
The literature noted that fertilizer was an important input to include in the evaluation of TE [45, 47] . One consideration is whether artificial or organic fertilizer may have a greater impact on tomato and pepper yields. Although several studies suggested that organic fertilizers may do more to increase productivity [35, 21, 43] , still there is evidence that tomato yield was higher with the use of mineral fertilizers than with organic fertilizers [25] . There are two reasons why it may be important to consider planting and flowering phase fertilizers in the evaluation of input efficiency use. First, fertilizers were expected to have an impact on yields, and their optimal use may ensure an increase in the production of greenhouse tomatoes and peppers. Second, an over or under utilization of these inputs may lead farms to incur production losses. To explore how fertilizers impact greenhouse tomato and pepper input efficiency use, this study included the planting phase organic and artificial fertilizers, and flowering phase crystalline and artificial fertilizers. In discussions with Kosovar experts, the value of greenhouses in Kosovo varied greatly between government program grantees and non-grantees. Grantees had greenhouses of higher euro value. Therefore, this study considered also the greenhouse value in euros as an input for the evaluation of input efficiency use among greenhouse tomato and pepper farms.
The BCC model differs from the CCR model in that it includes an additional constraint on the intensity variables ∑ λ j n j=1 = 1 [8] . This can permit measurement of efficiency relative to a variable returns to scale (VRS) technology. A PTE score is represented by θ BCC . The CCR model measures efficiency relative to a constant returns to scale (CRS) technology and θ CCR corresponds to a TE score. This model using the same inputs and outputs explained previously served in this study for the evaluation of the greenhouse tomato and pepper farms' TE. In a linear programming framework, DEA as a non-parametric method was used to calculate SE. The evaluation of the CCR and BCC models helped us define SE as θ θ ⁄
. With the use of these notions, this study may demonstrate the decomposition of efficiency:
Technical Efficiency (TE) = Pure Technical Efficiency PTE × Scale Efficiency (SE)
The purpose of the decomposition was to show whether the source of inefficiency was caused by PTE, by SE, or by both [20] .
Regression Analysis
This study contained two datasets that were used separately for greenhouse tomato and pepper farms. It was possible to analyze the efficiency scores derived from DEA through a linear regression model. An equal number of variables was considered for the estimation of the linear regression model for both the greenhouse tomato and pepper farms. T/PDEP Tomato/pepper technical efficiency scores Using the variables above ( Table Table 1 ), we examined the average effect of farm characteristics on the TE scores of tomato and pepper greenhouses. The TE scores derived from the CCR model were used as the outcome measure in this regression.
Following the model, this study called TE i the technical efficiency as the dependent variable for a given tomato or pepper greenhouse. The random error term for a greenhouse was represented by ɛ i .The first variable used was T/PCROP i . In the literature, non-formal knowledge was found to attain substantial technical efficiency and improve farm performance [34] . It was useful to explore which group of farmers were more efficient in the use of inputs, those who expressed their need to participate in a crop nutrition training or those who did not.
The government of Kosovo has prioritized the energy sector with an emphasis to improve electricity generation capacities. Over the years, a steady increase in electricity production has been noted in Kosovo, however, challenges remain for an efficient use of electricity [36] . Enterprises and farms in Kosovo may examine a cost-effective way to consume energy. There may be variations between greenhouse farmers who used electricity and greenhouse farmers who used fuel as the power source at a farm level and this power source may have an impact on a farm's TE. Electricity remains a costly source of power in Kosovo [14] . Farmers focus on minimizing costs where the source of power often accounts for a large share in the vegetable production costs. Considering this, we used the indicator variable T/PPOWER i . Fruit yields can increase when in the greenhouse plants are arranged correctly and when there is a minimization of gaps between plants and rows [40] . To achieve more greenhouse tomato or pepper yields, farmers may increase the number of rows more than it may be efficient. Likewise, a discrepancy in the number of rows per greenhouse can impact how each farmer uses inputs in the production process. It is of interest to find an appropriate number of rows in the greenhouse which may affect how inputs are allocated, therefore T/PPOWER i was included.
An issue reported from the greenhouse farmers is the low price received per kilogram (kg) of the produce. In this study, T/PWHOLE i is one variable that may explain in part this issue. Farmers often can have high price expectations, if they noticed that there were high wholesale prices in the market from the previous harvesting season [24] . When the price is low from the vegetable wholesalers, greenhouse farmers may have to contract their gross profit margins. In fact, farmers can be even forced to market their produce at lower prices to avoid the risk of not selling. In Kosovo the wholesale price for tomatoes tends to fluctuate [28] . To test if the variable including farmer's wholesale selling price has an impact in the optimal use of inputs, this study included it in the models. Similarly, prices and varying yields can influence farm incomes [10] . Even off-farm income was found to have a positive effect on revenue risk [22] . The use of T/PEXREV i tested whether farmers with and without an external source of revenue differed in the optimal use of inputs. Off-farm income may even substitute for income losses that occurred in the farm [12, 22] . However, there may not be sufficient evidence to conclude why some farmers rely on off-farm income and others do not [12] . It can be expected in this study that farmers who have an external source of revenue could rely less on on-farm revenue.
Vegetable farms growing two or more crops were found to have less usage of water, diesel and electricity [33] . In this aspect, T/POTHER i was another variable used in the models to understand how growing other crops over the course of a season impacts the efficient use of inputs. In Kosovo, there may be a mixture of farmers growing greenhouse tomatoes or peppers as a single crop and those who may have other crops with tomatoes or peppers in the same greenhouse. Large-sized and mixed farms tend to have high efficiency [13] . The variable T/PFARM i can be important given that product prices in agriculture have a high tendency to vary [44] . Farmers may choose to sell directly to the retailers or consumers through farmers' markets [2] . High quality peppers can achieve premium prices in the market [42] , while conventional tomatoes relative to organic tomatoes may not fetch premium prices in the market [26] . There is a belief in Kosovo that farmers selling greenhouse peppers at the farmer's market may receive higher prices per kg compared to the greenhouse tomato farmers. Whether the farmer market price influences the efficient use of inputs was of interest to explore.
The variable T/PWELL i was included because the amount of water applied on crops has a clear tendency to affect yields [38] , and an efficient use of irrigation would rely on the design of the irrigation system and its management [9] . For example, an implication of a limited irrigation time could suggest that farms in Kosovo's regions with lower average well depths may be less likely to irrigate during the flowering season when faced with increased levels of water scarcity. When the well depth is large and there is an increase in irrigation effectiveness, a potential to grow yields is possible [15] . This study expects that it could be possible to test if well depth is likely to influence the optimal use of inputs. The model has T/PWATER i as a variable that may provide an understanding of a farmer's irrigation system quality. Inadequate irrigation of the vegetable crops because of the old irrigation equipment can constrain the input efficiency use. Despite the wide presence of the drip irrigation systems in Kosovo, the frequency and amount of irrigation needs improvement [6] . The greenhouse tomato and pepper farmers may have irrigation systems with varying euro values. Therefore, it was essential to use this variable together for the greenhouse tomato and pepper input efficiency use related regression analyses.
Studies in agriculture have found education to positively impact higher levels of TE [5, 45] . However, education may not be significantly correlated with efficiency [19] . Therefore, the variable T/PEDU i could test whether education has an impact on the greenhouse tomato and pepper TE. The use of T/PFAMILY i is relevant as most of the farm work is performed by the farmer's family members [30] . The number of family members may dictate the intensity of the family labor use. The limited literature in Kosovo on the impact of the family members in the production of the greenhouse tomatoes and peppers could allow this study with its analysis to examine any potential influence of the variable.
Results
Results of the DEA analysis revealed differences in input efficiency use among greenhouse tomato and pepper farms in Kosovo. For both types of farms, yield in kg is the output measure. Input measures differed depending on production specificities of tomatoes and peppers, respectively. Models for both crops included the following inputs: insecticide, labor, greenhouse area in m 2 , planting-phase organic fertilizer, flowering-phase artificial fertilizer, and flowering-phase crystalline fertilizer as the inputs. Inputs for the DEA analysis of tomatoes also included greenhouse value in euros and planting-phase artificial fertilizers.
Greenhous Tomato Input Use at a Farm Level
The input-oriented DEA analysis of 94 greenhouse tomato farms showed that inefficiency was present in the use of inputs. Findings from the BCC model show that 33% of greenhouse tomato farms had a PTE measure of 1.00 (TableTable 2). Farms with an efficiency score of 1.00 were optimally using their inputs given their scale of operation. The remaining 77% of tomato farms showed some degree of inefficiency in use of inputs. The CCR model for greenhouse tomato farms' TE suggested that only 16% of the farms had an efficiency of 1.00 (Table Table 2 ). Thus, nearly half of the operations with PTE measures of 1.00 were operating at an inefficient scale. Because of differences in scale, a decision making unit can, at the same time, be BCC-efficient and may be found CCR-inefficient from the CCR model [20] . The comparison of the BCC and CCR models reveals inefficiency (TableTable 2). Of all the greenhouse tomato farms, 16% were scale efficient; this indicates that any changes to their existing input values may not lead to higher efficiency. It suggested that these scale efficient farms maintain the level of efficiency through employing the same practices in the production process. These practices may further support the continuous and optimal use of inputs. However, 84% were facing decreasing returns to scale (DRS). Among the DRS farms, the results indicated that there can be an over utilization of labor and fertilizers relative to the scale efficient farms. According to the results, greenhouse tomato farms facing DRS or diseconomies of scale may choose to reduce the farm output as they have surpassed their optimal size and use of inputs. In fact, the quantities of used inputs may affect the levels of yields [23] . The farmers interviewed reasoned that given the lack of production expertise among other factors for the optimal use of inputs in the production of greenhouse tomatoes, they were struggling to maintain yields without an increase in the inputs consumed. The results of this study reflected complaints from farmers that additional use of inputs may not provide higher yields. This may particularly hold for the DRS farms.
Greenhouse Tomato Input Use Comparison at a Regional Level
In addition to analyzing efficiency at a farm level, the extent of input efficiency use at a regional level was a component of the study. When using aggregate efficiency scores with BCC input-oriented efficiency, Prizren emerged as the region with the most efficient producers with a mean efficiency of 0.83. This result was expected as Prizren comprised the highest number of greenhouse tomato producers and held a tradition of family farming. The region of Prishtina followed with a mean efficiency of 0.80 for the optimal use of inputs in the production of greenhouse tomatoes. Under the CCR input-oriented efficiency, the region of Peja with a mean efficiency of 0.58 ranked first, followed by Prizren with a mean efficiency of 0.56. Efficiency ranking of the regions under BCC was of relevance as CCR assumed all greenhouse tomato farms operate at an optimal scale. This assumption may not hold in Kosovo's newly emerging greenhouse sector. The results indicating Prizren as the region with the most efficient producers were more likely to be consistent with the input efficiency use comparison at a regional level.
We provide an efficiency representation of the leading greenhouse tomato producing regions under the BCC and CCR input-oriented efficiency (FigureFigure 1) , and where farms with low efficiency may be observed in the lower quartile compared to the high efficiency farms in the upper quartile. However, this study underscored the mean efficiency of the regions, and how each region differs in the use of inputs according to this statistic.
Greenhouse Pepper Input Use at a Farm Level
The results revealed that there were percentage-wise fewer inefficient greenhouse pepper producers compared to the greenhouse tomato producers at the lower efficiency levels. Greenhouse pepper farms' PTE showed that 52% of the farmers were BCC-efficient. While, the analysis including TE was lower with a 26% of the farmers as CCR-efficient ( Greenhouse pepper SE inferred results could show also that 26% of the farms were scale efficient (TableTable 4), indicating a 10% higher SE compared to the greenhouse tomato farms. Under the scale of production, 7% were operating in the area of increasing returns to scale (IRS), and 67% in the area of DRS. The production scale of the greenhouse pepper farms was small. Nevertheless, there was a slightly lower presence of diseconomies of scale compared to the greenhouse tomato farms. For farmers operating under IRS, they may increase the use of inputs examined in this study to progress towards SE. Scale efficient farms in terms of yields were slightly less than twice more efficient than their DRS and IRS counterparts. The efficient values of inputs under SE (TableTable 5) could be relevant for DRS and IRS farms in Kosovo to consider for a comparison to their existing input quantities used in the production of greenhouse peppers. A greenhouse pepper farm facing DRS or diseconomies of scale may choose to decrease its size to reduce some of the excessive use of inputs. For the greenhouse pepper farms in the situation of IRS or economies of scale, however, an important decision was to achieve an overall higher use of inputs. In this frame of analysis, an increase in output may be achieved through an increase in the use of inputs where previously the discrepancy of mean values was noted among IRS relative to the SE greenhouse pepper farms (TableTable 5).
Greenhouse Pepper Input Use Comparison at a Regional Level
Using the aggregate efficiency scores with the BCC input-oriented efficiency, Prishtina was the most efficient region with a mean efficiency of 0.99. Ferizaj followed with a mean efficiency of 0.93 in the use of inputs when producing greenhouse peppers (FigureFigure 2). This was expected as there is an increasing number of farmers from Prishtina receiving financial support by the Ministry of Agriculture, Forestry and Rural Development (MAFRD) as well as by the Municipality of Prishtina in the production of greenhouse vegetable crops. This and the fact that Prishtina is the capital of Kosovo with a large market for the greenhouse peppers supports the study's result that this region may have the most efficient producers in the use of inputs. Under the CCR input-oriented efficiency, region of Ferizaj with a mean efficiency of 0.87 ranked first, followed by Prishtina with a mean efficiency of 0.80 (FigureFigure 2) . The greenhouse pepper producing regions with producers having low efficiency may be observed in the lower quartile compared to the producers having high efficiency in the upper quartile (FigureFigure 2).
Linear Regression Implications
The external and production-related variables for the linear regression analysis were found to be different among greenhouse tomato and pepper farms. Some variables had significant impacts on the optimal use of inputs among greenhouse tomato farms and others among greenhouse pepper farms. Some variables included in the final models differed across tomatoes and peppers. The estimation procedure for the greenhouse tomato farms included the need to participate in a crop nutrition training, power source, rows per greenhouse, wholesale price per kg of tomatoes, irrigation equipment value in euros, education in years, and number of family members. The estimation procedure for the greenhouse pepper farms included an indicator variable for the farmer's external revenue, farmer market price per kg of peppers, other greenhouse crops grown, well depth in meters, irrigation equipment value in euros, education in years, and number of family members.
In the linear model for the greenhouse tomato farms with TE scores as the scalar dependent variable, 3 variables were found statistically significant at the 5 percent level, and 4 were not ( Table  Table 6 ). Rows per greenhouse were found to be statistically significant with a positive coefficient. This result may suggest that farmers having greenhouse rows occupied with crops for non-commercial uses may make them less efficient in the optimal use of inputs. The positive result may also suggest that crops grown for home consumption may limit the greenhouse area for the greenhouse tomatoes produced for the market. The negative and significant coefficient of the power source variable showed that farmers using electricity were less efficient than those using fuel in the use of inputs. Given that electricity remains a costly source of power in Kosovo [14] , this result was expected to demonstrate a negative impact on input efficiency use. As mentioned earlier, the farmers reported during the interview process that the price received per kg of tomatoes from the vegetable wholesalers in Kosovo was hurting their gross margins. The pressure originating from low profits and high input costs may lead farmers to lower efficient levels in the use of inputs. This study found that the variable wholesale price per kg of tomatoes was significant and negative. First, this result supported the assumption that selling to the vegetable wholesalers may result to a less efficient use of inputs. Second, as the purchase of costly inputs is often realized with difficulty among greenhouse tomato farms, this may encourage a lower and disproportionate application of inputs. Variables reported statistically insignificant at the 5 percent level included the need for a crop nutrition training (p-value = 0.05), irrigation equipment value in euros (p-value = 0.12), education in years (p-value = 0.05), and number of family members (p-value = 0.42).
In the greenhouse pepper model, 3 variables were found to be significant at the 5 percent level, and 4 were not ( Table Table 6 ). The number of family members was statistically significant and negative. While a positive effect was initially expected, the model strengthened the assumption that a higher presence of the family members during the growing season may not contribute to an efficient use of inputs. This may be true among single tunnel greenhouses where labor may not be required as intensively as in the multiple tunnel greenhouses. Other greenhouse crops grown was reported significant and with a negative impact. Farms that concurrently cultivated other vegetable crops and peppers in the same greenhouse displayed inefficiency in input use. The variable irrigation equipment value in euros was found significant and with a positive coefficient. The result indicated that higher valued irrigation equipment may increase the input efficiency use in greenhouse pepper productions. Despite the wide presence of the drip irrigation systems in Kosovo, it can be from the model's estimation that irrigation equipment of higher euro value may result to a more precise application of water which makes more efficient use of this input. Education in years (p-value = 0.64), well depth in meters (p-value = 0.10), external revenue (p-value = 0.86), and farmer market price per kg of peppers (p-value = 0.48) were found to be statistically insignificant. 
Discussion
Often greenhouse vegetable farm differences in production have been considered as an explanation for the low efficiency. This may be because of the low production of vegetables and its inability to meet the domestic demand [4] . However, given Kosovo's approximate uniformity in weather conditions and cultivation practices, greenhouse tomato and pepper farms may not have varying production specificities that justify the over or under utilization of inputs. The study aimed to analyze greenhouse tomato and pepper input efficiency use in Kosovo at a farm and regional level and to determine the external factors that affect efficiency by using linear regression as a follow-up procedure on the DEA method.
In a regional analysis, Prizren and Prishtina were found to be the most efficient in the production of greenhouse tomatoes and peppers, respectively. This can provide helpful insights for the greenhouse vegetable sector in Kosovo. The inefficient greenhouse producers were found to be operating under DRS but may become scale efficient by reducing the use of agricultural inputs. Those operating under IRS may become scale efficient by increasing the use of agricultural inputs. Results suggest that for greenhouse tomato producing regions to achieve proper TE, input use would need to improve by 13% to 41%, depending on the region. Comparatively, greenhouse pepper producers had higher efficiency scores. This means that there were fewer pepper farms that could improve input use by adopting production practices of the best farms in the sample. Therefore, potential improvements in efficient input use ranged across regions from 1% to 16%.
At a farm level, the BCC model showed that 33% of the greenhouse tomato farms were fully efficient and only 16% under the CCR model. While 52% of greenhouse pepper farms were fully efficient under the BCC model and 26% under the CCR model, respectively. Given differences in scale size, there were farms that had complete optimal use of inputs. However, many of the greenhouse tomato farms under DRS and greenhouse pepper farms under IRS and DRS were struggling to find an optimal use of inputs. The results also suggest also a policy is of vital interest to address the issue of selling greenhouse tomatoes with a price that may jeopardize the financial health and future of the farms. Region of Prizren with the most concentration of greenhouse tomato farms and region of Gjakova were found to be particularly influenced by the price received per kilogram (kg) of tomatoes from the vegetable wholesalers. Meanwhile, no estimates were statistically significant in relation to the price received by greenhouse pepper farms.
In sum, this study explores the inefficient input use in the production of greenhouse tomatoes and peppers, which is caused by two primary factors. One factor is the disproportionate use of inputs without a corresponding increase in yields noted among DRS farms. Often this leads to a loss of production which may be avoided through reducing the use of inputs to the same level of the scale efficient input values. The other factor is concerning the disadvantageous market conditions, where pressure from imports and low prices set from vegetable wholesalers heavily affect greenhouse tomato production. This study revealed that overall under the given greenhouse tomato and pepper production levels, there would be a large opportunity for the technically inefficient farms and regions to improve their whole performance in the use of inputs.
